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ABSTRACT: 
27, 1978, to evaluate airborne emissions from the dyeing of polyester fabric 
in the Screen Print Preparation Department of the Rock Rill Printing and 
Finishing Company (SIC-2262) in Rock Hill, South Carolina. 
requested by the nine potentially cxpoeed employees. 
environmental sample8 indicated that al.1 chemical concentrations were below 
recommended environmental criteria. 
to an irritant subatclnce. 
exist during the period of the evaluation. 
toebenzene (71432) be kept as low as possible and that this chenical be 
rep’aced with less toxic substitutes whenever feasi-ble, that an educational 
program be developed to inform employees of the hazards associated with their 
work, and that workere on the mixing platform be provided with protective 
clothing and an accessible emergency eye bath. 

Environmental and medical ewrveys were conducted from January 25 to 

The evaluation was 
Analysis of 

Medical ourveys indicated prior exposure 
The authors conclude that a health hazard did not 

They recommend that exposure 
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HE 77-70-515 

ROCK HiLL PRINTIPIG & FINISHING COMPANY 
ROCK HILL, SOUTH CAROLINA 

AUGUST 1978 

TOXICITY DETERMI WA 1102 

The National I n s t i t u t e  f o r  Occupational Safety and Health (NIOSH) con- 
ducted a combined env!sonmental-medica1 evaluat ion on January 25 - 27, 1978 
f o r  evployees o f  the Screen Print, Pxpara t i on  Department o f  the Rock H i l l  
P r i n t i n g  and F in ish ing  Company. 
airborne contaminants was cval  uated: benzene, xylene , decane, undecane, 
azo dyes, diazonium sa l t s ,  formaldehyde, phenol, phosphine, s u l f u r  d iox ide 
and methanol. 
evaluation, occupational exposure t o  airborne concentrat ions o f  the 
afarementioned chemical contaminants d i d  no t  cons t i t u te  a heal th  hazard. 
This determination i s  based on environmental measurerents o f  a i rborne 
contaminants, con f i den t ia l  employee interviews, observations o f  work 
pract ices and engineerina contro ls ,  and a review o f  the re levant  l i t e r a t u r e .  

DISTRIRUTION AND P,VAILABILITY flF nFTFPMINATInN PEPOR, 

Copies o f  t h i s  Determination Report are cu r ren t l y  ava i lab le  uoon request 
f rom NICISH, Div i s ion  o f  Technical Services, Information and Dissemination 
Section, 4676 Columbia Parkway, Cinc innat i ,  Ohio 45226. 
repor t  w i l l  be ava i lah le  throuqh the National Technical Informat ion Sercice 
(NTIS), Spr ina f ie ld ,  V i ra in ia .  
throuoh NTIS can he obtained from NInSH, Publ icat ions 9 f f i c e  a t  the  
Cinc innat i  address. 

Fmployee exposure iU ths fo!!nwing 

It has been determined t h a t  dur ing the per ioa o f  t h i s  

A f te r  90 days the 

Information reaardino i t s  avai lahi1i t .Y 

Copies of t h i s  repor t  have been sent t o :  

1. Di rector ,  Safety, Medical & P lan t  Protect ion - 
Rock H i l l  P r i n t i n g  and F in ish ing  Company 

7. President - T e x t i l e  Workers Union o f  America 
Local 7 i n  

3. D i rec to r  0ccu:ational Safety and Health - 
Amalgamated C 1othing and T e x t i l e  Workers Union 
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4. 11. S. Department o f  Labor - Reaion I V  

5. NIOSH - Region I v  
For the purpose of informing the 9 p o t e n t i a l l y  exposed emplovees, the  
employer s h a l l  promptly "post" f o r  a per iod of 30 calendar days the 
DetermInation Report i n  a prominent Dlace(s) near where the a f fec ted  
employees work. 

INTRODUCTION 

Section 20 (a) 6) of the  Occupational Safety and Health Act o f  1970, 
29 U.S.C. 669 t a)(6), authorizes the Secretary o f  Health, Education, and 
Welfare, fo l low ing  a w r i t t e n  request by any employer o r  authorized 
representat ive o f  employees, t o  determine whether any substance normal 1.y 
found i n  the  place o f  employment has p o t e n t i a l l y  t o x i c  ef fects i n  such 
concentrat ions as used o r  found. 

The National I n s t i t u t e  f o r  k c u p a t i o n a l  Safety and Health received 
such a request from n ine  employees of the Screen P r i n t  Preparation 
Department o f  the Rack H i l l  P r i n t i n g  and F in ish ing  Company, requesting 
t h a t  NIOSH evaluate airborne emissions from the  dyeing of polyester  
fabr ic.  The employees ind icated t h a t  the  chemical "fumes" generated 
dur inu the  dyeing process could be detected by tas te  and produced the 
fo l low ing  subject ive symptoms: headache, and i r r i t a t i o n  of the eyes, 
nose, and throat .  The errployees were corlcerned t h a t  prolonaed exposure 
t o  t h i s  work environment might r e s u l t  i n  more serious hea1t.h problems. 

- HEALTH HAZARD F3ALUWTIr)N 

A. Process nescr i  D t i  on 

I n  the Screen P r i n t  Preparation Department, 100 percent po lyester  fabr ic  
i s  disperse dyed a s o l i d  co lo r  and then d r ied  t u  preparat ion f o r  
add i t iona l  f i n i s h i n g  i n  the  Soanina Department. 
fabr ic  t h a t  enters the  Screen P r i n t  Preparation Department has prev ious ly  
been bleached, scoured and t rea ted  w i t h  a chemical flame retardant.  
Af ter  these pretreatments, no residues o r  contaminants should remain on 
the fab r i c ;  however, some siz incl  mater ia ls ,  o i l s  o r  add i t i ves  from 
previous operations may remain. 

The feed-in operator runs a s ing le  r o l l  o f  po lyester  f a b r i c  i n t o  the 
'Iscray" a t  an accelerated r a t e  by means a f  a var iab le  speed e l e c t r i c  
motor d r i v e  assembly. The scray i s  a storage device which al lows f o r  
the in-process accumulation o f  f a b r i c  and thus, provides for  the con- 
t inuous operation of the  disperse dyeino process wh i le  the feed- in  

The whi te  polyester 
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operator i s  addina a new r o l l  o f  fahr ic .  
sewn t o  the previous r o l l  by the  feed- in operator w i t h  a pneumatic 
sewino niachine. 
u l t r a v i o l e t  lamps (special  f luorescent tubes) t o  detect  o i l  o r  grease 
residues from previous operations. The fabr ic  i s  then d i rec ted  i n t o  
the dyebath and through a dye pad (pressure r o l l e r s )  which d i s t r i b u t e s  
the dyes tu f f  un i formly throuahout the  fah r i c .  

The dyestuff contains one o r  more dyes, a dye c a r r i e r ,  and ant i -miprat ion 
and anti- foaming agents. 
by the dye m i x  operator. 
ou t  o f  t h e i r  containers, using p l a s t i c  cups, and weighed on a balance 
p r i o r  t o  beina poured i n t  large, o l a s t i c  mixing bucket. However, 
one component, Leva1 i n  VltW i s  t rans fer red  t o  the mixing bucket v i a  
an e l e c t r l c  pump. CIfter the chemicals have been thoroughly mixed and 
d i l u t e d  w i t h  water, the bucket i s  emptied by hand i n t o  a la rqe  dye 
vat  which i s  used t o  f 4 l l  the padder dyebath, 

The f a b r i c  i s  then passed throuah a F o s t o r i p p r e - d r y e r  which uses 
quartz tubes t o  generate i n f r a r e d  rad ia t i on  t o  p a r t i a l l y  dry  the fabr ic  
by rad ian t  heat. 
a f t e r  the Fostor i  b pre-dryer t o  remove water vapor and other  v o l a t i l e  
compon 
Famatesho t  house ten te r  frame a t  an approximate temperature o f  204OC. 
(4000F) ' for  about 30 seconds. 
meters (90 f e e t )  long and i s  composed o f  two continuous p a r a l l e l  chains 
w i t h  c l i p s  which qrasp the f a b r i c  and ho ld  i t  a t  a desired width t o  
prevent shrinkaoe wh i le  the f a b r i c  i s  d r i ed  and heat set .  
i s  f i n a l l y  d i rec ted  t o  a fo ld inp  machine which i s  aoni tored by the 
t a  ke-o f f opera to r .  

It should be noted t h a t  the dyes tu f f  used dur ina the per iod o f  t h i s  
evaluat ion d i d  no t  conta in  a flame r Previously a flame 
retardant  such as Ant ib laze 19 o r  19%!r%?irovatex 388@, was added 
t o  a l l  po lyester  dyestuf fs  and on a weight-weight basis was the primary 
cons t i t u ten t  o f  the dye mixture. 
po lyester  f a b r i c  which has been pre- t reated w i t h  a flame retardant.  

The new f a b r i c  r o l l  i s  s i p p l y  

Before the f a b r i c  i s  dyed, i t  Dasses under a ser ies of 

I t  i s  formulated atop an elevated mixing p la t form 
The various dye hatch ingredients  are scooped 

oca1 exhaust v e n t i l a t i o n  has been i n s t a l l e d  imnediately 

s of the  dyebath. The f a b r i c  i s  then passed throuqh the 

The ten te r  frame i s  approximately 27.5 

The f a b r i c  

However, the company now purchases a 

8 .  Evaluation Design 

I n  response t o  t h i s  request, an i n i t i a l  v i s i t  t o  the p lan t  was conducted 
on May 18, 1977 by the I n d u s t r i a l  Hygien is t  frow the NIOSH repianal  o f f i ce  
i n  At lanta,  Georgia. 
P r i n t  Preparation Department and a l l  f i r s t  and second s h i f t  product ion 
employees were p r i v a t e l y  interviewed and hea l th  forms completed. 
rezirlts o f  t h i s  i n i t i a l  screening survey, as reported i n  an I n t e r i m  
Report o f  Pecember 1977, ind ica ted  that  5 k;lx-:; s!!.!ruey wnirld be required. 

A walk-through survey was performed i n  the Screen 

The 
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Because of a manpower shortaqe i n  the rJIOSti Peaion I V  Off ice,  fol low-up 
invest igators  were assiqned from the NIOSH Hazard Eval uat ion and 
Technical Assistance Branch i n  Cinc innat i ,  Ohio. The new inves t iga tors  
assigned t o  t h i s  pro.icct were M r .  Richard Taf t ,  I n d u s t r i a l  Hyaien is t  
and Elva Elesh, M.D. 

On January 25 - 27, 1978 a fol low-up environmental and medical survey 
was conducted i n  the Screen P r i n t  Preparation Department. An opening 
conference was conducted and was attended by representat ives o f  both 
management and labor. 
survey was performed by the newly assigned NIOSH invest iaators .  

Fol lowing the opening conference, a walk-throush 

C, Eval uat ion Methods 

1. Environmental 

Environmental samol i n a  was conducted i n  the Screen P r i n t  Preparation 
Department on January 26, 1978. 
thermal decompcsition oraducts from the dye bath were measured v ia  
perqonal , area, and bulk  a i r  samples which were c o l l e c t e  u r inq  the 

M u l t i p l e  co3:ection media were u t i l i z e d  due t o  the unknown nature o f  the 
prospective chemical contaminants. 

Employee exposure t n  organic solvent vapors and thermal decomposition 
products of the dyestuff, was vJluated hv adsorbina the vapors onto 
act ivated charcoal o r  F l o r i s i  & media contained i n  glass sampling 
tubes. 
sampling tubes a t  a f low r a t e  o f  50 m i l l i l i t e r s  per minute f o r  personal 
and area samples, and a t  1.11 l i t e r  per minute (LPM) f o r  bu lk  a i r  
samples. 
o f  the exposed employees, whi le  area an bulk  a i r  samples were co l lec ted  

character4 ze the aeneral work envi  ronment . These a i r  samples were 
t ransmit ted t o  the NIOSH laboratorv  i n  Cincinnat: and subsequently 
analyzed by qas chromatooraphy and msss spectrometry. 

Employee exposure t o  solvent vanors and 

7:OO am - 3:OO pm s h i f t  i n  thp v i c i n i t y  o f  the #2 Famate 2d machine. 

Vacuum samplina pumps were u t i l i z e d  t o  draw a i r  throuqh the  

Personal a i r  samples were co l lec ted  i n  the hreathina zone 

i n  locat ions adjacent t o  the #2 Famate b machine i n  an e f f o r t  t o  

Employee exposure t o  airborne concentrat ions o f  diazoni um s a l t s  and 
azo dye par t i cu la tes  was evaluated by drawina a i r  throuqh dupl icate 
AA (37 m i l l i m e t e r  diameter, 0.8 rsicron averacle pore s i z e  - mixed 
ce l lu lose  es ter )  f i l t e r s .  
a i r  throuah the f i l t e r s  a t  a f low r a t e  of 1.5 LPbd f o r  both personal and 
area a i r  samples. Personal a i r  samples were taken i n  the  trreathina 
zone of the expos d emnloyees, wh i le  area a i r  samples were taken adjacent 
t o  the H2 Famste b machine. 
the per iod o f  t h i s  evaluat ion was a lso nhtained and was used t o  e s t a b l i s h  
a standard c a l i b r a t i o n  curve. 
t ransmit ted t o  the NIf ISH lahoratorv i n  Cinc innat i  dnc; were ijiialvzed 
by a PiIOSH spectrophotometric method. 

Vacuum sampling pumps were u t i l i z e d  t o  draw 

A bulk sample o f  the dyes tu f f  used dur ing 

These rfupl i c a t e  f i l t e r  saniples were 

*Mention o f  a commercial product dces n o t  cons t i tu te  endorsement bii the 
National I n s t i t u t e  for Occupational Safety and Health. 
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For screeninq purposes, d i r e c t  readinq D r a w r  detector tubes were 
u t i l i z e d  t o  evaluate atmospheric l e v e l s  nf the  fo l low ing  substances: 
formaldehyde, isopropanol, s u l f u r  dioxide, phosphine, benzene and phenol 

a) 

2. Medical 

Af ter  medical review o f  the twelve employee in te rv iew forms obtained 
dur ing the i n i t i a l  survey o f  May l R ,  1977, i t  was determined tha t  employee 
complaints were consistent w i t h  exposure t o  an irri ta r i t  substance. 
Therefore, a medical examination o f  the  af fected employees during and 
o f te r  the dyeing Process was indlcated. 

I ! 
! 

Accordinqly, on January 26, 7978, the NIOSH physic ian was present i n  
the Dlant p r i o r  t o  s ta r t -up  of the  dyeina process, O f  the twelve 
workers who completed the employee in te rv iew form dur ina the i n i t i a l  
survey, n ine  were seen aaain. Five were interviewed on the 7:OO am - 
3:OO om s1, i f t  and fou r  on the  3:OO PF - 11:OO pm s h i f t .  Three of' the 
emplavees were no t  intervfewed, as two were on the 11:OO pm - 7:On am 
s h i f t  and one was absent. 

D.  Evaluation C r i t e r i a  

The concept t h a t  there are concentrat ions of a i r  contaminants t o  which 
most employees may be exposed on a day-to-day basis, wi thout  discomfort 
o r  adverse heal th  effects, i s  fundamental t o  the p rac t i ce  o f  i n d u s t r i a l  
hyciene. 
occupat ional ly have been recornmended o r  promulgated by several orqani zations. 
These l i m i t s  are normally expressed as a t ime-veiahted averaae ('IWA) 
exposure f o r  a normal 8 t o  10 hour workday, o r  40 hour workweeks and 
are presumed t o  be v a l i d  throughout a normal workinq lifetin,c!. 
i t  should be noted, t h a t  due t o  a wide va r ia t i on  i n  i nd i v idua l  
suscep t ib i l i t y ,  a small percentaqe o f  employaes may experience discomfort 
from exposure t o  some substances a t  concentrat ions a t  o r  below the  
recommended o r  promulgated standard; a smal l e r  percentage may be 
a f fec ted  more ser ious ly  by nagravation o f  a p re-ex is t ing  condi t ion o r  
by development o f  an occupational i l l n e s s .  

Fo r  t h i s  inves t iga t ion ,  environmental evaluat ion c r i t e r i a  were con- 
sidered from the fo l low ing  sources: 
w i th  reconmended occupational exposure standards, (2) Pmerican Conference 
of Governmental I n d u s t r i a l  Hvclienists (ACGIH) Threshold L i m i t  Values 
(TLVS) w i t h  t h e i r  sdpport ing documentation, and (3) 1I.S. Department 
o f  Labor - Occupational Safety and Health Administrat ion (nSHA) Standards. 
Fo r  the chemical substances evaluated dur ing t h i s  invest faat ion,  the  
pr imary environmental c r i t e r i a  selected were: 

Airborne exposure 1 i m d  t s  f o r  many chemical substances encountered 

However, 

(1) F ! I M H  C r i t e r i a  Documents 
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c 1 

Chemical Environmental Stand r d  Keference 
Substance PPM** m(l/Mg*** Source**** 
p- 

Benzene 
Xylene 
Decane 
I lndecane 

*No standard has been recommended. 
**Parts of vapor per  m i l l i o n  parts o f  contaminated a i r  by volume a t  

25OC and 760 mHg. 

above discussion from which the environmental standard was obtained. 

***Approximate m i l l i a r a m  o f  substance Per cubic meter of a i r .  
****Reference numbers i n  parentheses re fe r  t o  the source(s) from the 

Environmental a i r  sampling dur ing the dyeing process has i d e n t i f i e d  the 
presence of the fo l?owing chemicals i n  the work area: benzene, xylege, 
decane and undecane. The fo l low ina  discussion i s  Drovided so t h a t  the  
employees ;r the  Screen P r l n t  Preparation Department may be t te r  under- 
stand the po ten t i a l  hea l th  hazards associated w i t h  excessive occupational 
exposure t o  these chemical substances. 

BEYZENE -- i s  a f l amab le ,  co lor less,  h fah ly  t o x i c  aromatic l i q u i d .  
Benzene can enter  the body by a l l  three routes o f  absorption: 
ingestion, and by d i r e c t  sk in  contact. I n  indust ry ,  the m a j o r  route 
of en t ry  i s  by i nha la t i on  o f  the vapor; however, sk in  absorption may 
a lso he of s ign i f i cnce .  Excessive exposure t o  benzene mav r e s u l t  i n  
cent ra l  nervous system depression and sk in  i r r i t a t i o n .  
has shown t h a t  benzene i s  leukemogenic. Because o f  the p o s s l b i l i t y  of 
causing leukemia, a progressive m a l  Ionant disease o f  the blood-forminq 
orqans, NIOSN recommends tha t  for  regu la to ry  purposes , benzene be 
considered carcinogenic i n  man. 
benzene be kept as low as possible,  and t h a t  no worker be exposed t o  
a concentrat ion greater  than 1 D ~ F  i n  a i r .  One Dpm represents the 
lowest l eve l  a t  which a r e l i a b l e  estimate o f  occupational exposure 

Thih,5 The A C G l H  
tn  benzene can be determined a t  the present time. 
a c e i l i n q  value and as such, should never be exceeded. 
(1977) recommended TLV .is 10 ppm and i s  expressed as an 8 hour TWA 
exposure. It should be noted, however, t h a t  the ACGIH has c l a s s i f i e d  
benzene as a suspected human carcinocren and suaaests tha t  employee 
exposure be ca re fu l l y  contro l e d  t o  l e v e l s  consis tent  w i t h  the animal 

promulqated by OSHA, i s  10 pnp as an 8 hour TWA w i t h  an acceptahle 
c e i l i n a  concentrat ion o f  25 nom. A maximum peak concentrat ion o f  50 ppm 
i s  Demi t ted ,  prov'ded t h a t  the  durat ion i s  10 minutes o r  less, f o r  an 
8 hour work s h i f t . h  I n  May o f  1977, OSHA promulgated an Emeraency 
Temporary Standard f o r  kenzene and adopted ^ _ . . L  I the NIOSH recommended c e i  1 i n q  
concentrat ion of 1 ppv.' 
stayed by the U. S. Court o f  Appeals f o r  the F i f t h  C i r  u i t  on A p r i l  18, 
1978, u n t i l  the cour t  ru les  on the standards v a l i d i t y .  

inha la t ion ,  

Recent evidence 

NIOSH a lso  recommends t h a t  exposure t o  

cncentrat ion i s  

and human experience data. 4,5 The present Federal Standard, as 

However, ~ J S H H ' S  emeraency siaidai.ii has 
8 

. .  ...., 

1 
! 1 
1 
I' 

i 
I 
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XYLENE -- i s  a flamnable, co lor less,  aromatic l i q u i d  of s l ic lh t  t o  
moderate t o x i c i t y .  
t o  those of benzene; however, i t  does not  produce the blood disorders 
cha rac te r i s t i c  o f  benzene absorption. 
are from inha la t ion  o f  the vapor and d i r e c t  sk in  cnntact. 
high concentrat ions o f  xylene vapm may r e s u l t  i n  i r r i t a t i o n  t o  the 
eyes, nose and throat ,  and depression of the  cent ra l  nervous syster.  
NIOSH recammends adherence t o  the present OSHA standard o f  100 pp~n as 
a TWA exposure f o r  up t o  a 10 hour workday, and 40 hour workweek. 
Addi t ional ly ,  NIOSH recormends a c e i l  i na  concentrat ion o f  200 ppm as 
determined dur ing a 10 minute period.699 The environmental c r i t e r i a  
recommended by the  ACGIH (1977) i s  a TLV o f  100 ppm as determined by 
an 8 hour TWP exposure, and a Short Term Exposure L i m i t  (STFL) of 
150 ppm. 
value, which may no t  be exceeded dur inn a 95 mir.ute excursion per iod.  

It has many physical and chemical proper t ies s i m i l a r  

The brimary routes o f  absorption 
Exposure t o  

4 9 5  
The STEL i s  a maximum al lowable concentrat ion, o r  c e i l i n g  

DECANE -- i s  a flammable, co lor less,  l i q u i d  o f  r e l a t i v e l y  l o w  t o x i c i t y .  
E has been c lass i f i ed  as a simple asphyxiant, and exposure t o  h iuh 
vapor c ncentrat ions may r e s u l t  i n  depression o f  the cent ra l  nervous 
system.yo Environmental c r i t e r i a  have no t  been promulaated o r  recommended 
for  occupational exposure t o  t h i s  chemical substance. Generally, an 
occupational exposure lilnit i s  no t  required f o r  simple asphysiant gases 
because they ac t  by slmply excluding oxygen frm the lungs. f’he oxygen 
content o f  insp i red  a i r  Kay be reduced t o  two-thirds o f  i t s  normal value 
before appreciable adverse heal th  e f f e c t s  occur and t h i s  requires t h a t  the 
simple asphyxiant be p r  ent a t  a cnncentrat inn o f  33 percent i n  the 
mixture of a i r  and a a ~ . ~ ~  The ACG1I.r (1977) recomnends tha t  the minimal 
oxyaen co t e n t  should he 18 percent by volirme under noma1 atmospheric 
Pressure. ‘4 
UNDECANE -- i s  a combustible, co lor less,  a1 i p h a t i c  hydrocarbon l i q u i d  
b f i v e l y  low t o x i c i t y  
s i m i l a r  t o  those nf decane.I8 P. l iohat ic  hydrocarbons a r e  i n  qeneral , 
simple asphyxiants, sk in  i r r i t a n t s  and cent ra l  nervoiis system depressants. 
Prolonged sk 
o f  the skin. lP Fnvironmental c r i t e r i a  have no t  been promulgated o r  
recomnended f o r  occupational exposure t o  t h i s  substance. 

When two o r  more hazardous substances are present, t h e i r  combined 
e f fec t ,  ra the r  than t h a t  o f  e i t h e r  substance i n d i v i d u a l l y ,  should be 
given care fu l  consideration. 
contrary, the ef fects  o f  the d i f f e r e n t  hazards should be considered 
as add i t i ve .  
o f  contaminant over the corresponding threshold l i m i t  value (C1/T1 + C2/T2 

d has many physical  and chemical proper t ies 

contact  may also r e s u l t  i n  dermat i t is ,  due t o  de fa t t i ng  

I n  the absence o f  in format ion t o  the 

The sum o f  the f rac t i ons  o f  measured atmospheric concentrat ion 

..... C,/Tnj should n o t  exceed un i t v .  Exceptions t o  t h i s  r u l e  may 

? 

............... ............ . - . 1 .< 
_-- - I 

t 
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be made when there i s  a good reason t o  be l ieve tha t  the tox ico log ica l  
proper t ies o f  the chemical substances a r e  no t  i n  f a c t  adc'itive, but  
independent . 4  Therefore, carcinoaenic substances such as benzene and 
simple asphyxiants l i k e  decane and undecane, are excluded from t h i s  
re1 at ions hip.  

E. Evaluation Results and Discussion 

1. Environmental 

Qua l i ta t i ve  analysis o f  f ou r  charcoal tuhe bulk a i r  samples (CT - 1, 4 ,  
12, 13) by gas chromatography and mass spectrometry (GC/YS) has ind icated 
four  major and numerous minor peaks. The four  ma.ior peaks have been 
i d e n t i f i e d  as: benzene, xylene, decane and undecane. Numerous minor 
peaks, which correspond t o  other aromatic an<' a l i p h a t i c  compounds, have 
also been i d e n t i f i e d .  Trace amounts o f  toluene and naphthalene were 
also detected. I t  should be noted tha t .  i n  W / M S  analysis,  peak area  
i s  d i r e c t l y  ~ r o ~ o r t i n n a l  t o  concentrat ion. Therefore, the four m a i o r  
peaks correspond t o  the hiahest environmental concentrat ions. 

Quant i ta t ive analysis o f  personal and area charcoal tuhe samples by 
gas chromatoqraohy, for  the chemical substances prev ious ly  i d e n t i  f ied, 
ind ica te  airborne concentrat ions of less  than 1.n percent o f  the environ- 
mental c r i t e r i a  and are thus, not considered t o  cons t i t u te  a 
heal th  hazard durincr the per iod o f  t h i s  evaluation. 
personal breathina zone and area charcoal tuhe samples are shown i n  Table I .  

Q u a l i t a t i v e  analysis o f  the  F l o r i s i p  hull! a i r  samples by GC/MS 
ind icated the presence o f  a very h i i h  b o i l i n g  p o i n t  compound. 
pass spectrum ind icates t h a t  i t  i s  a h iah molecular wgight compound 
(above 300) and i s  ch ie f l y  a l i p h a t i c .  No phenyl groups o r  r i n q  
s t ructures were detected, however c e r t a i n  mass spect ra l  fragments 
ind icated the p o s s i b i l i t y  o f  iod ide  and a hydroxyl group w i t h i n  the 
molecule. 
substance and suaaests t h a t  i t  i s  orohahly a reac t ion  product from the 
dyestuf f .  
0.05 ppm and therefore, due t o  i t s  a l i o h a t i c  proper t ies,  should riot 
cons t i t u te  a heal th  hazard dur ing the per iod o f  t h i s  evaluat ion.  

The analysis f o r  azo dyes and diazonium s a l t s  u t i l i z e s  a NICISH spectro- 
photometric method. 
wavelength o f  375 nanometers (nm), wh i le  azo dyes e x h i h i t  maxima i n  the 
400 - 700 nm ranqe, the exact wavelenqth bein? dependent on the  chemical 
St ructure of the dye molecule. 
f i l t e r  savples revealed t h a t  no absorotion maxima were ohserved a t  
these wavelenaths. Therefore, the r e s u l t s  o f  personal and area a i r  
;GR;:CS, 2s s k ~ ~  i n  Tehle 11, in4ic;rte that  there was no measurable 
exposure t o  azo dyes o r  diazonium s a l t s  dur ing the per iod o f  t h i s  
evaluat ion.  

Results from the 

The 

The NIOSH 1aborator.y has been unable t o  i d e n t i f y  t h i s  unknown 

The maximum environmental concentrat ion has been estimated a t  

niazonium s a l t s  e x h i b i t  maximum absorption a t  a 
. 

quan t i t a t i ve  analysis o f  the duol icate I 

! 
i 
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Direct reading detector tubes were uti l ized t o  evaluate the following 
substances: 
benzene and phenol. 
the phenol detector tube. 
to  be due t o  an interferina aqent and not  t o  phenol. 
laboratory analysis indicated t h a t  no phenol ic compounds were present 
in the dyestuff (Tan 61542M). 

formaldehyde, isopropanol, sulfur dioxide, phosphine, 
A pnsitive indication was ohtained only from 

However, this  response was la te r  determined 
Suhsequent 

2. Medical 

None of the workers seen by the NIOSV physician had any complaints 
on this  particular day, and several stated t h a t  they had had none 
for some considerable time. A number specifically said t h a t  their  
swptoms were associated with, o r  aa ravated by, the i 

mixture. 
summer o f  1977. 

lusion of the 
flame retardant, Antiblaze 19 or 19 db or Pyrovatex 388 ?b , in the dye 

The use of these flave retardants was discontinued durincr the 

The NInSH physician visited the First  Aid Qoom, which  i s  staffed by 
three full-time nurses - one on each s h i f t .  I t  was determined from 
two of the nurses t h a t  the s.ymptoms of w h i c h  the workers complained had 
not  been severe enough for them t o  seek medical attention, w h i c h  fact  
was confirmed by the workers. 
extent of leaving the work environment a t  any  time. 

Nor h a i  a n y  worker been affected t o  the 

The FlInSH physician and industrial hyiienists did not  experience eye 
o r  upper respiratcry t rac t  irritation durina the dyeing operation. 
I t  should be noted, however, t h a t  a particularly pale dyestuff was 
used on this  date (Tan 61542”). 

Nevertheless, i t  must be considered t h a t  the workers had been exposed 
to  some i r r i t an t  substance(s) and/or aclent(s) in the past. I t  i s  the 
opinion of the NInSH physician t h a t  the effects of such exposure are 
transient i n  nature and  thus, no long-term adverse health effects 
would be anticipated. 

F .  Conclusion and Recommendations 

Thorough analysis of the data  obtained from environmental samplinq 
and worker interviews indicated t h a t  a health hazard t o  the ewployees 
i n  the Screen Print Preparation DePartment o f  the Rock Hill Printincl 
and Finishing Company, d i d  not  exis t  dur ing  the period of this  evaluation. 
The followinq recomnendations are made t o  help improve the health and 
safety condi t ions i n  the emnloyees work environment: 

1.  Occupational exposure t o  benzene should be’kept as low as possible 
and whenever identified i n  the work environment, as i n  the charcoal tube 

ever feasible. 
the result  o f  a polymer decomposition reaction; however, the rnanaqement 
should review a l l  chemical ‘products used t o  formulate the dyestuTf t o  
instire t h a t  benzene i s  n o t  present as an ac tua l  inoredient. 

i t  shoui( j  be 9 - - -  Â ..-.̂  - . . L L C : . L . I C I C  bulk  a i r  satyles,  I e>> L V A  I L 3 l l L V ~  L I b u  bca wh2n- 
The benzene identified i n  the hulk air samples i s  probablv 

1 --- --- --- - -  -. - -- . 



2. An educational proaram should be developed t o  inform the employees 
of the hazards associated w i t h  the chemical substances encountered i n  
the work environment and aood emDloyee work practices should also he 
discussed and encouraaed. 

while formulating the dye mixture. Dur ing  th i s  mixina process, eye 
contaminati 
Levalin VKI 8 was stored i n  a large drum which was clearly labeled 
"Skin and €ye I r r i tan t" .  The ?laterial Safety Data Sheet, under the 
heading  o f  ealth Hazard Data, aives the followinn infomatian on 
Levalin VI<\ b "Sk in  irritation" s l i g h t  to moderate reaction. Eye 
i r r i ta t ion :  severe reaction. In  case of contact w i t h  skin, wash 
well using a suitable cleansing aqent. In case o f  contact w i t h  the 
eyes, flush w i t h  water and net orompt medical attention". Therefore, 
employees enqaged i n  dyestuff fornulation shou ld  be provided w i t h  
and  required t o  wear a chemical face shield or goggles and impervious 
g1 oves . 
However, i t  was par t ia l ly  occluded, as many soiled r aw had been heaped 
upon i t .  

and d i d  not have a service inspection t a g .  
permanently mounted i n  a conspicuous place and should be inspected and 
recert i f i ed . 

3 .  The mixing operator was not wearina any personal protective equipment 

could easily occur. One o f  the ingredients of this mixture, 

4 .  A functional emergency eye bath was present on the mix ing  platform. 

This device should be kept c lear  of a l l  ohstructions. 

5. The f i r e  extinauisher was observed on the floor of the mixina platform 
This device shou ld  be 

6. As the mixing  Dlatform i s  an elevated structure, a steel toe board 
and quard'rail should be installed on the open, loading end of the 
platform. 
on arld below the mixina Dlatform. 

T h i s  should  help t o  minimize accidents f o r  employees workin? 

7. The fluorescent l i g h t  f ixture which i s  positioned over and i n  near 
proximity t o  the two larae mixing tanks, should he equipDed w i t h  a 
p las t ic  shield to  protect the employees i n  the event the fluorescent tubes 
are broken. 

8. While n o t  required by OSHA reaulalions, Material Safety Data Sheets 
should be obtained from a l l  chemical suppliers. T h i s  infomation can 
be beneficial i n  assessincl the toxicity or hazards encountered i n  working 

9. The suspended electrical  cord which supplies power t o  the e lec t r ic  

w i t h  a particular chemical prncluct. t 
I 
!! 

motor on the scray, should be securely fastened and routed i n  accordance 
w i t h  ycnd electrical work Dractices. 

The NIOSH staff  would l ike t o  t h a n k  both managevent and labor for  their  
cooperation a n d  assistance d u r i n g  this evaluation. 4 

I 
4 
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